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(54) Method for Inducing damage to wafers. 

@ A method of Inducing damage for gettering Id 
the rear surface of a single crystal aflicon wafer 
(70) comprtaoa polishing the rear surface, which 
can provide a good gettering effect to the wafer 
(70) and can also depress dusting character- 
istics of the rear surface of the wafer (70), The 
method comprlaee the step* of: moving the 
wafer (70) and an abrasive cloth (6) relatively, 
and supplying an abrasive liquid (9) having a pH 
in the range of 4 to 9 which contains silica 
partldea having an average diameter In the 
range of 0.1 to 10 fim as abrasive grains, be- 
tween the wafer (70) and the abrasive doth (6), 



FIG. 1 




Ul 



Jeuvo, 18, tub SahMtenla, 75001 PARIS 



PAGE 11/22 * RCVD AT 1/30/2008 4:33:55 PM [Eastem Standard Time] * SVR:USPTO-EFXRF-5/38 * DN)S:2738300 * CSID:908 429 3650 * DURATION (mm-ss):03-10 



01/31/2008 16:49 908-429-3650 CLARIANT PAGE 12/22 



EPO 684636 A2 

The present invention relates to a method for inducing damage for gettering to a single crystal silicon wafer 
(herein after, It may be simply referred to e wafer) which can provide a good gettering effect to the wafer and 
can also depress dusting characteristics of the rear surface of the wafer. 

In a process for fabricating semiconductor devices, a wafer la subjected to various heat-treatments during 
s which various Wnds of crystal defects are introduced by oxygen, carbon, heavy metal Impurities, and the like, 
which exist in the crystal. Because these defects are generated also on the wafer surface region and In the 
vicinity thereof, such defects cause larger leakage currents and lowering the manufacturing yield of devices 
and degrade device operation. 

However, crystal mlcrodefect or damage have a function which captures to fix impurities exerting adverse 
10 effect on the device operation or which captures point defects or the like which relate to defect occurrence, 
therein. This function is called gettering. the former is called extrinsic getterlng (hereinafter, referred to EG), 
and the latter is called Intrinsic getterlng (hereinafter, referred to IG). 

A method In which damage Is mechanically Induced on the rear surface of the wafer by high- pressure jets 
of Sr0 2 particles or the like, and distortion, e.g., stacking faults, dislocations or the like which are generated 
is during heat treatments, la used as a gettering source; or another method In which a poly-crystalllne allfcon 
layer or a Si 3 N 4 layer la deposited on the rear surface of a wafer, and distortion, a,g. f stacking faults or dislo- 
cations which are generated on the boundary between the deposited Jayer and the wafer to be a substrate, 
distortion which ia generated on grain boundaries in a polycryata! of the deposited layer, or the like, are used 
as a getterlng source; are known as a method for providing the EG to the wafer. 
20 The gettering effect becomes larger as the magnitude of the formed distortion la larger. A method for meas- 
uring surface density of surface defect (hereinafter, referred to surface defect density), e.g., thermal oxidation 
stacking faults or dislocations which can be observed by carrying out a thermal oxidBtlon treatment of the wafer 
at a temperature of about 1100°C end thereafter carrying out a chemical selective etching (Secco-etchlng), Is 
known as a method for evaluating the magnitude of the formed distortion. 
« According to the method in which damage Is mechanically induced on the rear surface of the wafer by high 
* pressure Jets of SI0 2 particles or the like, the limit of surface defect density which can be generated la not 
much exceeding 10* cm- 2 , and there is a problem of much dusting from the portion on which the damage was 
induced. According to the method In which a poly-cr yatalline silicon layer or a SfeN* layer Is deposited on the 
rear surface of a wafer, there le a problem of high costs required. 
30 According to this Invention, a method of inducing damage for getterlng to the rearsurface of a single crystal 
silicon wafer by polishing the rear surface, comprises the steps of; 

moving the wafer and an abrasive cloth relative to one another, and 

supplying an abrasive liquid having a pH in the range of 4 to 9 which contains sfllca particles having an 
average diameter in the range of 0.1 to 10 urn as abrasive grains, between the wafer and the abrasive cloth. 

ss This method of inducing damage for gBtterlng to a single crystal silicon wafer, can stably generate surface 
defects higher than that of a convenoonaf method, which Is useful for getterlng contamination with heavy met- 
al* during a process for fabricating semiconductor devices, and can depress dusting characteristics of the rear 
surface of the wafer. Such a method enables stable generation of surface defects having a high density of 
approximately u p to 10 7 cm- 3 . 

«o Preferably the abrasive cloth Is attached to a rotary plate, wherein the rotary plate Is rotated and wherein 
the wafer fs rotated on the abrasive doth. 

The lower limit of the average diameter of sfllca particles Is 0.1 urn, more preferably 0.6 um When the 
average diameter la [ess than O.t um. It is hardly to Induce damage on the rear surface of the wafer. The upper 
limit of the average diameter of silica particles is 10 um, preferably 4,0 um more preferably 1 ,0 um. When the 

'5 average diameter is more than 10 um, scratches or cracks other than the damager layer are apt to be formed 
during processing. 

The lower limit of the pH value of the abrasive liquid is 4, preferably 6, more preferably 7. When the pH 
value is less than 4, silica particles dispersed in the aqueous liquid flocculate. The upper limit of the pH value 
of the abrasive liquid is 9. When the pH value is more than 9, formation of the damaged layer by polishing is 
so prevented because a chemical etching simultaneously functions on the rear surface of the wafer durino pol- 
ishing. * ^ 

Preferably, the abrasive liquid comprises water. The pH of the abrasive liquid may be adjusted by using a 
drluted hydrocWorfc acid or an aqueous ammonia. 

Thamatertal for the abrasive cloth la not limited to a specific one. Polyurethane foams, polyesters, non- 
56 febnes or the like may be used. Preferably, polyurethane foams are used. 

A particufarembodiment of a method in accordgn ce with this Invention will now be described with reference 
to the accompanying drawings, in whteh;- 

F1G. 1 is an elevation*! view of an apparatus for carrying out the method according to an embodiment of 
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the present invention; 

FIG. 2 le a graph showing the relationship between the average diameter of allfca particles and the surface 
density of defect according to Example 1; 

FIG. 3 Is a graph showing the relationship between the pH of the abrasive liquid and the surface density 
5 of defect according to Example 2; 

FIG. 4 Is a graph showing dueling characteristics of the wafer on which an induction of damage according 
to the present Invention was carried out and of the wafer on which a formation of damage according to a 
conventional sand bleat method was carried out; 

FIG. 5 Is a vertically cross-sectional view for explaining an apparatus for evaluating the dusting chsrao- 
ft> teristics of the rear surface of the wafer; and 

FIG. 6 le a view for explelnfng the steps of a method for evaluating the dusting crraractertsttes of the rear 
surface of the wafer. 

FIG. 1 shows an apparatus 1 for Inducing damage for getterlng to the rear surface of a eingfe crystal silicon 
wafer 70 r to carry out an embodiment according to the method of the present Invention. 

f$ In FIG. 1 , the apparatus 1 comprises a rotary table assembly 2, a rotary wafer carrier 3, and an abrasive 
liquid supplying member 4. The rotary table assembly 2 comprises a rotary table 5 and an abrasive cloth 8 
ad hered on the upper surface of the rotary table 5. The rotary table 5 can rotate on a shaft 7 et a predetermined 
rotation speed by a driving device such as a motor. The abrasive cloth 6 comprteee a poryurethane foam, a 
polyester, a nonwoven fabric or the like. The rotary wafer carrier 3 Is for holding to carry the wafer 70 on the 

20 abrasive cloth 6 of the rotary table assembly 2 so that the rear surface of the wafer 70 feces to the abrasive 
cloth 6. The wafer carrier 3 can rotate on a shaft 6 at a predetermined rotation speed and horizontally move 
on thB abrasive cloth 6 by an appropriate driving device such as a motor. During operation of the apparatus 
1 , the wafer 70 held by the wafer carrier 3 Is In contact with the abrasive doth 8 and proper loads L are applied 
to the wafer 70 In a downward direction through the shaft 8 and the wafer carrier 3. The abrastve liquid supplying 

2* member 4 is for supplying an abrasive liquid 9 on the abrasive doth 6 to supply it between the wafer 70 and 
the abrasive cloth & The abrasive liquid 9 has an appropriate pH value and includes water and abrasive grains 
having a desired average diameter. 

Example 1: 

30 

First, three wafer samples having a diameter of about 150 mm and a crystal orientation of <100>; three 
kinds of abrasive liquids of pH 5.0 which include abrasive grains having average diameters of 0.01 ^m, 0.15 
urn, and 4 respectively, and water, wherein each average diameter was measured by direct observation 
method end each abrasive liquid contained 2 % by weight of silica particles; and an abrastve cloth made of a 

36 polyurethane foam; were prepared. 

After a wafer sample 70 was properly set to the rotary wafer carrier 3 of the above described apparatus 
1 for Inducing damage shown in FIG. 1, the rotary table assembly 2 and the wafer carrier 3 ware rotated at 
predetermined speeds, supplying an abrasive liquid of pH 5.0 which Include abrasive grains having average 
diameters of 0.01 um, and thereby an Induction of damage was carried out to the rear surface of the wafer 

40 sample. In this Example, the speed of revolution of the rotary table assembly 2 was about 160 rem. the relative 
speed of the wafer 70 to the abrasive doth 6 was 100 m/min, the pressure applied to the rear surface of the 
wafer 70 caused by the downward load L through the wafer carrier 3 wee about 400 g/cm 2 t and adjustment of 
pH value for the abrasive liquid 0 was performed by using a diluted hydrochloric acid, aqueous ammonia or 
the like. Consequently, a wafer having a damaged layer on the rear surfaces thereof was obtained. 

45 TTiereafter. by using the abrasive liquids of pH 5.0 Including abrasive grains having average diameters of 
0.15 pm and 4 jim. Inductions of damage were carried out to the rear surface of the two rest wafer samples 
70 by operating the above described apparatus 1 , under approximately the same condition as that of use of 
the abrasive liquid including abrasive grams having average diameters of 0.01 jim. Consequently, two wafer 
samples having damaged layers on the rear surfaces thereof were obtained. 

so The surface densities of defect of the sample wafers on which three kinds of Inductions of damage had 
been carried out were measured. The results are shown In Table 1 and FIG. 2. 
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TABLE 1 



AVERAGE DIAMETER OF SILICA PARTICLES 


SURFACE DENCJ7Y OF DEFECT 


0.01 um 
0.50 urn 
3.50 Jim 


1.5x10* cm-z 
1.6x105 cnr a 
2.1x10 7 cirr* 



It Is known that a surface defect density of about 5 x W otHMb enough to bring on Substantial gettering 
effect, by another experiment forf inding the relationship between surface defect density and gettering effects. 
As shown in FIG. 2, It was found that when the pH of the abrasive liquid is 5.0, substantial lettering effects 
could be expected by using sIRca particles having an average diameter m the range of 0.1-10 um Silica par- 
ticles having an average diameter not lose than 10 um were not used in this Example because of the afore- 
mentioned reason. In FIG. 2, 0 Q Indicates trie range of average dlameterof silica particles by which substantial 
gettering effects can be expected, end PMIN Indicates the minimum value of trie surface defect density by 
which substantial gettering effects can be expected. 

Example 2: 
20 

First, three wafer samples having a diameter of about 150 mm and a crystal orientation of <100>; three 
kinds of abrasive liquids of pH 5, e, and 11 which Include abrasive grains having an average diameter of 3.5 
nm. wherein each average diameter was measured by direct observation method and each abrasive liquid con- 
tained 2 % by weight Of silica particles: and an abrasive cloth made of a polyurethane foam; were prepared. 

25 Inductions of damage were carried out to the 3 wafer samples by the above apparatus 1 and by using the above 
3 kinds of abrasive liquids and the abrasive doth. In this Example, ths speed of revolution of the rotary table 
assembly 2, the relative speed of the wafer 70 to the abrasive cloth 6, the pressure applied to the rear surface 
of the wafer 7.0, and the adjustment manner of pH value for the abrasive liquid 9 were the same as those of 
Example 1 , Consequently, three wafer samples having damaged layers on the rear surfaces thereof were ob- 

ao talned. 

The surface defect densities of the sample wafers on which 3 kinds of inductions of damage had bBen 
carried out were measured. The results are shown In Table 2 and FIG. 3. 

As shown In FIG. 3, It was found that wrran the average diameter of the silica particles contained In the 
abrasive liquid Es 3.5 urn, substantial gettering effects could be expected by using the abrasive liqukf of a pH 
35 In the range of 4-9. In FIG. 3, pHa indicates the rang© of pH of the abrasive liquid by which substantial gettering 
effects can be expected. 



4$ 



TABLE 2 


PH 


SURFACE DENSITY" OF DEFECT 


4.3 


2.5x10 7 nrrH 


7.8 


2.1x107 crrr 2 


110 


2.6x10Bcrrr* 



Example 3: 

w First, e wafer sample having a diameter of about 150 mm and a crystal orientation of <100>; an abrasive 
liquid of pH 8.0 whfch includes water and abrasive grains having an average diameter of 0.6O jim, wherein the 
average dlameterwas measured by direct observation method and the abrasive liquid contained 2 % by weight 
of silica particles; and an abrasive doth made of a polyurethane foam; were prepared. Induction of damage 
was carried out to the wafer sample by the above apparatus 1 and by using the above abrasive liquid of pH 

55 8,0 and the abrasive cloth made of a polyurethane foam. In this Example, the speed of revolution of the rotary 
table assembly 2, the reratrve speed of the wafer 70 to the abrasive doth 6, the pressure applied to the rear 
surface of the wafer 70. and the adjustment manner of pH value for the abrasive liquid 9 were the same as 
those of Example 1 . Consequently, a wafer aampie having a rear surface which has a damaged layer and an 

4 
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extremely row dusting characteristics, was obtained. 

In onto to evaluate the d^^ 10 as shown In FIG 5 

s used. Sample wafers 70 and reference wafers 71 are processed according to the steps shown in FIG 6 
Evaluation of the dusting characteristics fa carried out by measuring particles transferred f romthe rear surface 
of the sample wafer 70 to a pressed surface of the reference wafer 71 by using a particle counter. 

The construction of the apparatus 1 0fcr evaluating the dusting characteristics of the wafer surface shown 
in FIG. 5 wfll be explained as follows. 

The apparatus comprises a suction memberll forsueklr>gthewafertofbcthere^ 

2 1 for pressing to adhere closely these wafers to each other 
The suction member 11 comprises a suction board 13, a rectangular metal substrate 14, end a nozzle 1S 

The suctfon board 1 3 comprises a circular piste made of ceramics, glass, or a rigid plastics, which haa a plurality 
of suction holes 12 penetrating the suction beard from the upper surface to the lower surface, and is attached 
? ar> "P pBr * J f faC ° * * ubstral * 14 - Tn * 15 Is attached to the substrata 14. One end of the nozzle 
15 Is communicated with the suction holes 12 and the other end fs oommunlcated with a vacuum pumo (not 
10 shown) through a pips. 

The pressing member 21 comprises a rectangular metal substrate 26\ a ring-shaped body 27, a diaphragm 

22 and a wafer pressing plate 23 attached to the lower surface of the diaphragm. The rectangular metal sub- 
strate 26, the ring-shaped body 27, and the diaphragm 22 having the wafer pressing prate 23 form a closed 
chamber 31 inside these members. 

20 The diaphragm 22 Is a circular ahest made of a flexible material, The water pressing plate 23 is a circular 
plate made of ceramics or glass and is attached on the diaphragm 22 concentrically by using an adhesive, an 
attachment or the like. The periphery of the diaphragm 22 Is mounted to the end portion of the ring-shaped 
body 27 which Is provided on the rectangular metal substrate 26. One end of a nozzle 32 Is communicated 
with the closed chamber 31 and the other end is communicated with a compressor (not shown) through a pipe. 

25 Rod-shaped or ring-shaped spacing members 41 are sandwiched between the suction meinber 11 and 
the pressing mambar21. These members 11 and 21 are detachably mounted to the spacing mambers41 by 
bolts42. A reference wafer 71 and a sample wafer 70 are overlapped to each other and the overlapped wafers 
are sandwiched between the suction board 13 and the wafer pressing plate 23. 

Material for conventional diaphragm valves can be used ae a flexible material of the diaphragm 22. In par. 

30 ticular, it is preferable to use a material of rubber system. Use of such a material enables pressing to adhere 
closely the reference and sample wafers to each ether with a uniform pressure over the entirety of the pressed 
surfaces thereof. 

Next, a summary of evaluation of the dusting characteristics by using the apparatus 10 shown in FIG. 5 
will be explained. Wafers obtained by the method of the present Invention and conventional wafers are used 
55 as the sample wafer 70, and mirror finished wafers obtained by a FZ method are used as the reference wafer 

71. 

MhTorpollshed surface of the reference wafer 71 priorto a pressurizing treatment are previously examined 
by using a particle counter LS-60D0 which was manufactured by Hitachi Denshl Engineering Co. Ltd. There- 
after, a pressurizing treatment is carried out to the examinsd wafers and evaluation of the dusting charaeter- 
40 fetics is carried out according to the Steps shown in PIG. 6. 

In use of the apparatus shewn In FIG, 5, first, the suction member 11 Is removed from the apparatus body. 
A sample wafer 70 Is placed on the upper surface of the suction board 13 so that the rear surface 60 of the 
wafer 70 to ba evaluated faces the upper side, and Is thereafter fixed to adhBre to the suction board 13 by 
operating the vacuum pump. Next, a reference wafer 71 is laid on the sample wafer 70 so mat the mirror f in ishad 
surface 61 of the reference wafer 71 faces the rear surface 60 of the sample wafer 70. The suction member 
11 with the attached wafers 70 and 71 [a fixed to the apparatus body, as shown in FIG. 5, 

Thereafter, compressed afr Is supplied Into the closed chamber 31 from the compressor, so that the mirror 
finished surface 51 of the reference wafer 71 Is pressed to the rear surface 60 of the sampls wafer 70 at a 
pressure of 1 kgf/cmz and these wafers are closefy adhered to each other, as s hown In FtG. 6. After supply of 
so the compressed air is stopped, the pressure Is reduced by operating the vacuum pump so that the wafer press- 
ing plate 23 separates apart from the reference wafer 71 , Thereafter, the suction member 11 Is removed from 
the apparatus body. The pressed mirror surface 61 of the obtained reference wafer 71 Is examined by using 
the above-described particle counter LS-6000. 

Evaluation of dusting characteristics of the rear surface of the sample wafer obtained by Example 3 and 
55 ' hat of th * rear ^ a conventional aand blast tested one were carried out by the apparatus shown in 

FIG. 5, Sample wafers and reference wafers were processed according to the above described steps shown 
In FIG. *, Evaluation of the dusting characteristics was performed by measuring the number of foreign matters 
on the rear surfaces, 
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The measured number of foreign matters for thB conventional sand Wast treated one having a diameter 
of 150 mm was about 8000, and the measured number for the damage Induced wafer having a diameter of 
150 mm accordfng to the present invention was about 205. The results are shown in FIG. 4. In the graph of 
FIG. 4, the ordinate* Indicate the number of foreign matter* having a diameter not less than 0.1 0 um on every 
5 6-inch wafer. 

From the results of Example 3, ft was ascertained mat when Induction of damage according to the method 
of the present invention was performed, trie dusting characteristics of the rear surface of the wafer thereof 
was extremely lower than that of the conventional sand Wast treated one. 

Although the present Invention has been described In Its preferred form with a certain degree of partfcu- 
10 larity. It should also be understood that the present Invention is not limited to the preferred embodiment and 
that various changes and modifications may be made to the Invention. 

For example, in the above embodiment, only an apparatus for inducing damage of a single wafer process- 
ing type Is disclosed, however, the method according to the present invention can be also applied to an appa- 
ratus for inducing damage of the so-called batch processing type, I.e., of a plurality of wafers processing type. 
is As described above, according to the present Invention, H fs possible to atably generate surface defects 
having a density of approximately up to IC'cnr 2 . hfgher than that of conventional method, therefore to provide 
excellent getterfng effects to a wafer, and to depress dusting characteristics of the rear surface of the wafer 



& Claims 

1 . A method of inducing damage for gettering to the rear surface of a single crystal silicon wafer (70) by poi- 
Ishing the rear surface, comprising the steps of; 

moving the wafer (70) and an abrasive cloth (6) relath/e to one another, and 
25 supplying an ahrasfve liquid (4) having a pH In the range of 4 to 9 which contains silica particles 

having an average diameter in the range of 0,1 to 10 um as abrasive grains, between the wafer (70) end 
the abrasive doth (6). 

2. A method according to claim 1, wherein the abrasive cfoth (8) ia attached to a rotary plate (2), wherein 
30 the rotary plate (2) Is rotated and wherein the wafer (70) Is rotated on the abrasive cloth (6). 

3. A method according to claim 1 or 2, wherein the abrasive Mould [9) has a pH In the range of 6 to 9. 

4. A method according to any one of the preceding claims, wherein the abrasive llciuld (9) has a pH in the 
35 range of 7 to 9. 

5. A method according to any one of the preceding claims, wherein the abrasive liquid (9) comprises water. 

6. A method according to any one of the preceding claims, wherein the pH of the abrasive liquid (9) Is adjusted 
*o by using diluted hydrochloric acid or aqueous ammonia. 

7. A method according to any one of the preceding daims, wherein the silica partldes have an average di- 
ameter fn the range of 0.5 to 4.0 ^m. 

45 8. A method according to any one of the preceding daims, wherein the silica particles have an average di- 
ameter in the range of 0.6 to 1 .0 um. 

9. A method according to any one of the preceding daims, wherein the abrasive cloth (e) comprises a paly- 
urethane foam. 

so 

10. A method according to any one of daims 1 to 9, wherein the abrasive cloth (6) Is a polyester fabric or a 
non-woven fabric 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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